Objectives: To determine national readmission rates among sepsis survivors, variations in rates between hospitals, and determine whether measures of quality correlate with performance on sepsis readmissions. Design: Cross-sectional study of sepsis readmissions between 2008 and 2011 in the Medicare fee-for-service database. Setting: Acute care, Medicare participating hospitals from 2008 to 2011.
hospital (3) (4) (5) (6) (7) , and put them at increased risk for healthcare utilization, including rehospitalization (8) . Furthermore, it is estimated that up to 40% of readmissions after discharge for sepsis are potentially preventable (8) . These readmissions have been shown to potentially cost one state, California, up to $500 million per year (9) . Given the increasing public health burden that sepsis survivors represent, it is likely that sepsis and sepsis readmissions will be a focus of policymakers in the near future.
To date, research on sepsis-associated readmissions has focused on variation among academic medical centers, Veterans Administration Hospitals, or within individual cohorts and hospitals (10) (11) (12) (13) (14) . No national-level study has analyzed riskstandardized hospital-level readmission rates for sepsis in a policy relevant population to determine the extent to which sepsis readmissions vary across hospitals and the characteristics associated with such variability. Understanding this variability is important because policymakers rely heavily on the experience of the fee-for-service Medicare population in constructing risk-standardized quality measures for use in quality reporting and payment reform efforts (e.g., Accountable Care Organizations and value-based purchasing models).
We examined a 3-year sample of fee-for-service Medicare patients who survived hospitalizations for sepsis. We sought to profile hospitals based on risk-standardized readmission rates (RSRR) for facilities participating in Medicare and characterize variations in these rates. In addition, we sought to determine whether structural and demographic characteristics of these hospitals were associated with this variation. Lastly, we sought to determine whether a composite measure of hospital quality consisting of an aggregate average of readmission and mortality outcomes, processes of care, and patient satisfaction correlated with sepsis-associated readmissions.
MATERIALS AND METHODS

Study Design and Population
We performed a cross-sectional study of 3,315 acute care hospitals participating in Medicare from July 2008 to July 2011. We identified index hospitalizations among 100% of hospitalizations for fee-for-service Medicare beneficiaries 65 years old or older who were discharged with a diagnosis of sepsis. We used International Classification of Diseases, Ninth Revision, Clinical Modification to identify index cases of sepsis using the Angus method, a validated technique to identify patients with sepsis in administrative databases (15) . The Angus method identifies an organ dysfunction in combination with an infection. This parallels the recent International Consensus Definition, which delineates sepsis as, "life-threatening organ dysfunction caused by a dysregulated host response to infection" (16) . To identify index admissions and readmissions, we mirrored Centers for Medicare and Medicaid Services (CMS) methods used to identify similar measures in acute myocardial infarction (AMI), pneumonia, and heart failure (HF) (17) . We excluded index admissions for individuals who were ineligible for fee-for-service Medicare benefits in the 30-day period after discharge, index hospitalizations involving a transfer to another acute care facility, and those discharged against medical advice. We also excluded hospitalizations that occurred after the index one for sepsis (the first admission for sepsis) beyond the 30-day period to ensure that a single individual was not counted multiple times as an admission in the data. This was done to prevent correlated data that would violate our regression principles. Patients were not excluded if they died during the 30-day period after discharge. A flow diagram illustrating exclusions can be seen in Supplemental Figure 1 (Supplemental Digital Content 1, http://links.lww.com/CCM/ C638; legend, Supplemental Digital Content 2, http://links. lww.com/CCM/C639). Due to no patient-level data being included in the final analysis, approval for nonhuman subject research was granted by the Vanderbilt University Internal Review Board. The institutional review board at University of Michigan Hospital also reviewed the protocol and approved of the study (HUM00053488).
Hospital-Level Data Collection and Covariates
We linked hospitals to the CMS Hospital Compare data from 2008 to 2010 and the American Hospital Association (AHA) Database from 2008 to 2010 to obtain data on region, hospital size as measured by total number of beds, disproportionate share hospital percentage (a proxy for the uncompensated care burden), teaching status, hospital ownership, hospital quality measures, and other characteristics known to influence readmission rates in prior literature (18, 19) . We defined major teaching status as being a member of the Council of Teaching Hospitals and Health Systems of the Association of American Medical Colleges identified within the AHA database. To define sepsis case volume, we determined the average number of sepsis cases for each hospital as the average number of cases per year over the 3-year period between 2008 and 2011 as determined by the Angus Method described above. We defined hospital size as the total number of hospital beds identified within the AHA database. We used percent disproportionate share spending as a proxy for the burden of uncompensated care provided by a hospital (20) .
We generated an overall hospital quality score based on archived Hospital Compare data. This composite score was based on consistently measured individual quality measures defined for domains of process quality (seven measures), readmission and mortality rates for AMI, pneumonia, and HF, and patient experience as measured in the Hospital Consumer Assessment of Health Care Providers and Systems surveys (10 measures). Our composite quality score was constructed by standardizing and rescaling each input measure such that higher numbers denoted better quality. We then fit a summary index score that summarized overall hospital performance on process, outcome, and patient experience domains using a generalized least squares estimator that maximized the amount of information contributed by each input (21) . For domains where the input measures were defined on the same scale (e.g., 30-d risk-standardized outcome rates), sensitivity analyses considered composite scores based on the pooled mean of the (unstandardized) inputs. We did not weight composite scores by patient caseloads to ensure that the measures measured the same construct across hospitals. Further details on how we constructed the composite quality score can be found in the supplemental appendix (Supplemental Digital Content 2, http://links.lww.com/CCM/C639).
GENERATION OF HOSPITAL-LEVEL READMISSION RATES
We defined 30-day all-cause readmission as any admission to an acute care hospital within 30 days of discharge among individuals who survived the index hospitalization for sepsis. We then generated 30-day all-cause RSRR for each hospital over the 3-year period and corresponding 95% CIs using previously validated techniques employed by the CMS to generate readmission rates for AMI, pneumonia, HF, and chronic obstructive pulmonary disease. Specifically, these measures profiled the readmission performance of each hospital using an indirect standardization estimator that compared the observed number of readmissions to the expected number given the hospital's case mix. Using a logistic regression model with a random intercept for each hospital, we estimated a predicted probability of 30-day readmission for each patient accounting for the patient's characteristics (age, sex, race) and comorbidities captured in the inpatient claim as measured using the Elixhauser Method applied to the index hospitalization (22) . The predicted probabilities from this model were summed over all patients by hospital and then divided by the sum of all expected probabilities of admission that were estimated only from the patient characteristics. This ratio was then multiplied by the overall 30-day readmission rate in the sample to get the hospital specific RSRR.
Statistical Analysis
We plotted sepsis RSRR and 95% CI for each hospital in rank order in a caterpillar plot. We described geographic variability in RSRR by aggregating and mapping RSRR by health referral regions. We also compared the mean RSRR across quartiles of our exposures of interest after adjusting for geographic region. Exposures of interest included region; size of hospital; sepsis case volume per year; proportion of underserved patients; teaching status; hospital owner; and the composite quality, process, and patient satisfaction metrics described above. We performed one-way analysis of variance with Bonferroni correction (α = 0.05) to adjust for multiple comparisons. To assess for normal distribution, we plotted RSRR and composite quality score on histograms and both seemed to be normally distributed. We then plotted RSRR versus composite quality. Loess smoothing was used to generate nonparametric locally weighted regression curves. We generated a Pearson correlation coefficient for the relationship between RSRR and composite quality. We used STATA V13 (StataCorp, College Station, TX) for all analyses.
RESULTS
There were 633,407 hospitalizations for sepsis in 3,315 hospitals included in the study cohort. The mean 30-day RSRR was 29.2% (sd, ±4.8) for survivors of sepsis during the study period. Characteristics of patients included in the cohort are summarized in Table 1 . There was wide variation in hospitallevel RSRR ranging from 22.2% at the fifth percentile to 37.8% at the 95th percentile (Fig. 1) . Mean RSRR also varied across hospital referral region (HRR) level (Supplemental Table 1 , Supplemental Digital Content 3, http://links.lww.com/CCM/ C640). Hospitals in the Northeast had the highest RSRR (mean RSRR, 30.3%) and those in the West having the lowest (mean RSRR, 27.7%; p < 0.001 for difference across all regions) ( Table 2) .
Major teaching hospitals had higher RSRR than nonteaching (31.1% vs 29.0%; p < 0.001). There were statistically significant but clinically small differences in RSRR by quartile of hospital size. Hospitals with a larger share of indigent patients (i.e., those in the highest quartile of the Disproportionate Share Hospital index) had greater RSRR than the three lower quartiles (30.6% vs 28.9%, 28.8%, and 28.7%, respectively; p < 0.001). Summaries of RSRR stratified by hospital characteristic are in Table 2 .
Due to some hospitals not reporting all quality measures that made up our composite index (mostly due to minimum case volume requirements), we had composite quality data for 1,966 of the 3,315 hospitals in our cohort. Differences in hospital characteristics between those with and without quality data may be seen in the supplemental appendix (Supplemental Digital Content 2, http://links.lww.com/CCM/C639). Among hospitals with quality data, there was a stepwise increase in the RSRR moving from worse to better quartiles of our composite measure (for AMI, pneumonia, and HF; p for nonparametric test of trend ≤ 0.001). The highest performing hospitals based on the composite index had 4.5 percentage points (ppt.) higher sepsis readmission rates compared with the poorest performing hospitals (27.5% vs 32%; p < 0.001) ( Table 3 and Fig. 2) . Increasing readmission rate showed a significant positive correlation with better performance on the composite quality score (Pearson coefficient, 0.34; p < 0.001). Hospitals in the highest proportion of composite all-cause mortality had the lowest readmission rates and were significantly lower than those in the lowest quartile (28.7% vs 30.7%; p < 0.001), ( Table 4) . Results were nearly identical in sensitivity analyses using a HRR fixed effect, which effectively made comparisons among hospitals within the same HRR.
DISCUSSION
Using a national sample, we determined that nearly one third of fee-for-service Medicare patients hospitalized with sepsis were readmitted within 30 days of discharge. RSRR for sepsis varied more than four-fold across hospitals and by a sd across geographic regions. Hospitals profiled with higher readmission rates more often cared for patients with low socioeconomic status and were major teaching hospitals. High sepsis readmission hospitals were also more likely to score higher on a composite measure of quality spanning performance on process measures, patient experience of care, and risk-standardized readmission and mortality for AMI, HF, and pneumonia. Our observations in the degree of variation in sepsis-associated RSRR were similar to prior observations in variation of RSRR for other populations (19, 23) . Our study is among the first to provide a national estimate of the burden of sepsis readmissions in the Medicare population and sets the stage for potential policy measures to address sepsis readmissions. There are several important differences between our work and prior work examining sepsis readmissions. Prior studies primarily focus on large, academic medical centers with data extracted from the University Health Consortium database (10) (11) (12) . While one study at major academic institutions put this estimate at 19.9% (10), others place it at between 23.4% and 27.3% (11) (12) (13) . Academic centers represent the minority of all hospitals nationwide and care for a minority of sepsis cases. Other studies illustrate similar readmission rates but only provide crude rates without risk adjustment, making them less applicable to comparing hospital performance and policy-related questions (8, 13) . A recent study in the Veteran population examined 90-day all-cause readmission and found little variation between readmission rates across hospitals (14) . However, care across Veterans hospitals may be more uniform and involves a different population than the Medicare population used in this study. That particular study focuses on reasons for 90-day readmission at a patient level while this study seeks to describe performance at a hospital level. In contrast, we used a nationwide database including all hospitals, both community and academic, and provide risk-standardized estimates of readmission. Finally, we focused on the population of Medicare beneficiaries with sepsis. Because the CMS is responsible for setting national policies for the quality of hospital-based care, it is important to have nationwide estimates for sepsis-related readmissions that derive from the Medicare population.
We also identified variation in RSRR across both hospitals and HRRs. Our data showed that hospitals in the fifth percentile of admissions had a rate of 22.2%, whereas hospitals in the 95th percentile had a rate of 37.8%. Regions that typically perform very well on traditional quality metrics, such as the Northeast, perform poorly on sepsis-associated readmissions (Supplemental Fig. 2 Sepsis cases/yr were defined as the average number Angus Method defined cases of sepsis over a 3-year period at a given hospital.
Content 2, http://links.lww.com/CCM/C639). Again, this may be due to differences in underlying severity of illness among septic patients in the Northeast. Hospitals in the highest quartile percent disproportionate share spending, reflecting a higher burden of socioeconomically disadvantaged patients, had higher RSRR than those in the lower three quartiles (Table 2 ). In addition, major teaching hospitals had 1.6% higher readmission rates than their nonteaching counterparts (Table 2 ). This is consistent with previous findings in other CMS-tracked conditions (20) . Although both of these differences may reflect differences in case mix, it may lead to hospitals caring for underserved populations or major teaching institutions being unfairly penalized. A potential solution may be to compare these institutions across strata of characteristics found to be significant, that is, across quartile of percent underserved population or across teaching status.
We show a positive correlation between a composite quality metric and readmissions and that hospitals that perform well on publicly reported measures of hospital quality paradoxically perform poorly on sepsis-associated readmissions (Table 3 and Fig. 2 ). Recent studies have shown similar inverse relationships between composite measures of quality and performance on specific measures, in this instance reduction in hospitalacquired conditions (24) . This study also found that major teaching hospitals were penalized more frequently under the Hospital-Acquired Conditions Reduction Program. They concluded that these findings could warrant a different approach to assessing hospital penalties. It is possible that these highperforming institutions are also the major teaching institutions that take care of sicker and more complex sepsis patients, and this is not captured in the risk-adjustment method. A particular concern with profiling hospitals using administrative data is that such data may be insufficient to capture the clinical, demographic, and socioeconomic factors that may contribute to greater need for rehospitalization after discharge (25) . We demonstrate that higher mortality hospitals have lower RSRR for sepsis, raising the possibility that these poorly performing hospitals may have overall higher mortality and fewer sepsis patients eligible for readmission (Table 4 ). This competing risk represents further complexity when attempting to measure sepsis-associated readmissions and compare these rates at a hospital level.
Our study has several strengths. It is the first study, to our knowledge, that uses nationwide health systems-level data to generate sepsis-associated RSRR. In addition, it uses what is largely considered to be the most accurate methods for identifying true cases of sepsis in administrative data (26) . We also benefit from a large sample size and broad range of hospitals. Finally, we use new and novel measures of composite quality and patient satisfaction yielding correlations between hospital quality and patient satisfaction that have not been reported in the sepsis literature.
There are several important limitations to our study. First, as in any study of sepsis readmissions, it is difficult to completely adjust for casemix and severity of illness across hospitals; however, we employed similar methods to risk adjust readmission rates that CMS employs when generating readmission rates for AMI, CHF, and pneumonia. Although our risk-adjustment model used only the index admission, as opposed to traditional CMS methods using a year worth of claims, this approach provides similar performance (27) . For example, McCrum et al (28) used very similar techniques in a study published in 2013, specifically correlating risk-standardized mortality rates calculated similarly to our method with composite mortality scores. Second, the inclusion of only elderly Medicare patients may limit generalizability of our findings to younger populations. However, sepsis occurrence is age-related and Medicare patients bear the greatest burden of sepsis, suggesting policy decisions based upon this population will target the greatest number of patients. Lastly, there were significant differences between hospitals that reported quality data and those that did not. Those reporting data tended to be larger, have larger case volumes of sepsis, have lower proportions of underserved patients as represented by percent disproportionate share spending, and are teaching hospitals. This suggests that the relationship between sepsis readmission rates and hospital quality in our analysis may be exaggerated given that higher performing institutions may be overrepresented and poorly performing hospitals may tend to under report.
In conclusion, this study represents the first multiinstitutional, nationwide study of RSRR among patients with sepsis. Readmission rates were significantly higher than other CMStracked conditions and higher than prior estimates. Major teaching hospitals and those who care for the highest quartiles of poor patients had higher readmission rates. Hospitals performing better on traditional quality metrics performed worse on sepsis-associated readmissions. Hospitals in the highest quartile of composite all-cause mortality had significantly lower RSRR than those in the higher quartiles. Potential explanations for these observations are limitations of risk standardization in complex conditions such as sepsis, competing risk between mortality and readmission, and differences in discharge practices among higher performing hospitals. Prior studies have suggested that demographic and structural variables of hospitals are important variables and need to be included in risk-standardization models (29, 30) . However, not all literature suggests this adds value to the readmissions measurement (31, 32) . Alternately, given the great difficulty of standardization on casemix in complex conditions such as sepsis, one could consider stratifying hospitals by these important demographic and structural variables and comparing across strata. Policymakers and clinicians should keep these important observations in mind when comparing hospital performance on sepsis readmission metrics.
